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(57) Abstract: 

PURPOSE: A floating trap type memory device of a non-volatile semiconductor memory 
device is provided to enhance a programming speed and an erasing speed by improving a 
structure of the floating trap type memory device. CONSTITUTION: A plurality of active 
regions are formed on a semiconductor substrate(lO). A string selection gate 
electrode(117s) and a ground selection gate electrode(117g) are formed on the active 
regions. A plurality of memory gate electrodes(117m) are formed between the string 
selection gate electrode(117s) and the ground selection gate electrode(117g). A tunneling 
insulating layer(llO), a charge storage layer(112), and a blocking insulating layer(114) are 
formed between the active regions and the memory gate electrodes(117m). A doping 
region(102) is formed at both sides of the string selection gate electrode(117s), the ground 
selection gate electrode(117g) / and the memory gate electrodes(117m). A common source 
line(CSL) is arrayed at an opposite side to the memory gate electrodes(117m). The 
semiconductor substrate( 10) including the gate electrodes(117g / 117m, 117s) and the 
common source line(CSL) is covered by an interlayer dielectric(120). 
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b«^^| ? |nh t ^le ^I0|e 2^, >||0|e A r 0|0|| §2£ IS 9 !- 

*i ^ g . g^u ^s^i. ^iioi e 2^ ^i^oii m^m u\wm& &± 

n\ wis 5i oiiea ±xioii 9io\m. m&^2\ ^§01 gs§ 

Oil H| 611 e 31 it ^S^S 6^ bl|?|^3 SJE*II 011521 ^-XPI JMIAISd. 

£1rr gen 2] egg D||ee| 4^X1 SI *jt§*!°] S0N0S(Sil icon Oxide Nitride Oxide 

Semiconductor) =?SM UEHH^ B3£0|Q. 

£2^ £ 121 l-l'i ftfE} ?1SH5! IHISBJ rt:X r 2| Oil l_i X| gH££0|Cf. 

£3£ £22] ^EHOIIAI 7\\0\ = 3^011 ^Qi*°^ ^2 2^0| °}J\W m°\ 0HUXI «H£ ^ PHBIOl 

UErUi^ £0O|Q. 

£ 4b £ g ^aioiioii oj^h oi^ois ^ §a§ cHieei ±xi^ ?\&vi\M S^H^ej 
#oii rue oimxi yi^EoiQ. 

£5 LUX] £78 £ ^g91 £JA|0II§01|A1 ^p T eagg "1122-1 4:X|21 7 1 5*011 Al 3j|0|E g^o^oj - 

SgOil drE 0]| LI X| «H££0|Q. 

atso/ ^ettr Ji^mot £' j mots} 
g bi?i^^ «i£^i wiaei sxioii 3ei ^s, ^mvx\~ uis&a misej 
¥^ ^idg mi eel ^X|0]| 3101 Q. 

B\m&£ £»£*« oneei mieei §^6r^ misei ±x\m =?2oii met ^iioiMg oiieei 

^(floating gate type memory device)£l §3S iXKfloating trap type memory devic 

e)S Us 4^ ¥^ ?ilO|eg Oil 2^1 ±X\^ Oil SB] ^X r 0||A1 7|& T^y 2| 51 ^|0|^ Af0|01| 

o|0)| 2]«H 12^9 £Sjyie» 1\\0\^.m a^m3. ^IIOI^ UIOII Xr^5!SKfree carriers)^ gEH^ 

2ofi xis6 f ^ ^a°g HsneusM ^^^Q- -t-^ Diieei miaai 011/1 ^ioi^ 2 

=JU ^£aJI ^IFJ At 0 1 Oil ^x!3 b|£S^ 2»| ^OIIAI S2£J^ ^^011 S«H WS8r^ SSOII 

51 5H H^HeH^g 4^ 21Q. 

«R ^|0| eg D||2B| 4:X|^ £2X11 ^ilO|Eg Atg8r°S ^101^21 0|^A|^|fe B^m 
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m o\m qj^oii m*>o\ ^ioi^ou xi*j& se sm# °>m ^ 9iq. w&m. no\^& 

[HI 2^ ±jus= Aj£l^(reliability)# f^XISpl ?|SH Oiieei 4:Xr0i| e|g«oi| U|oH fe^2S 

s=> e^Mjg §oiq| 0 | gfiS r q. 0| 3^. §2^21 m?\M^0\\ ^ -§*J*]° h 0| fi^?£J 

oi 5a -gas?* iflsm. a ssk y^Aii sxioiiAi ±x\ ns^^i^ §.011 s ;nxioi ^uis*? 

uhcq «o :fcX r b SSPI £8 S^2j ^13 (deep level trap)Oi| Xig£|?| HI? Oil ^ ?|| 

ojeg diisbi uiofoi gre ^121 B^m s^^im A r gmb aoi ?i^q. meu-i. 5 mxi iov 

2| ye §5| g^OIIAl £§IJ 4^ 2ia- 2E°1. ¥^ ^11 01 Eg oil U|oH ^X r ?21 7rX|H^ £30| 

e^sfoi s^^2i ^1^01 gois r q. 

£ 1g I^IS^ °1IS£| ^Xr°J 21^21 S0N0S(Si I icon Oxide Nitride Oxide 
Semiconductor) ^£ # UqUjb &3&0|q. 

£1 g ^3S5r°1 ^§ 0?l OilSej ^X r 01lb p-g «»£*|| ?|£M10)2J #0i| ^#0 

E4^g aoiei"(20) 3^X13^(22). M^U ^2^(24) ^ ?l|0| e 2^(27)^ 211 n||y 01 ?|x| 

So 3tl0|~e uHEj'^^SI g^g^OII n+g ^§(28)01 g^tlOi 2iQ- £Pl S^ii 
§22*(20)8 Ah^S4 ^°q| gAisi5|o 5 g £ £| 3 , 3ol^^g(22)g Aj£|^ S5l^2S S^&P 

c 2 m asms yi^Aii jiskio, syjg §2^(20). g« r *i3g(22). m^?j§J2^(24) ^ ?iiom 2 

^(27)011 oH&Srt ^ 3ff21 Oil M ^1 EHE. ?rX|:3. 0||b|X| «J!E ^2J Xf0|0i| 2|oH 

g?1S«<potential barrier)^0| ^XH^q. g2U2| egg Oi|ae| ^WI>H So,X-|S# 

(22)011 oH^Sr^ ^£15 §12,^8 ^ 5eV2J Ol|LiX|«H^ SI ?\X\J±. ^^^(20)o^a| ^ 

Sr°|3| S5rX|^#(22) A|0|2i 3IS01|A| S £CH (conduct i on band)2J S?iS^8 ^ 1eV. (balance 
band) 2]^ 8 ^ 2eV §£0|C|. 




oil ?|x|°[q. ^1 a^g £H0i| ax^i 6iu g^^l o| 2Ab ^tllb ^1 xim Mias^CE,) eq ^-8 «l 

2 e^^^(E 2 )01| 2X1^1 2?H ^©£101 2ib ^EHb fe^l «I2 §af?l(E 2 )fiq ^8 XJ13 

?i(E 3 )oii ?|x|^q. 

vs § a g bi?i^ DiiHEi gxio«Ai &9i mi eei ^x r 2i 7|-^-^oi ^eiE mm^?\ o\m 

-oig 0 |g^ h >i 0 |q ^i|0|E 2^(27)011 ^2^01 oi^sig. g3St(20)M 1-^01 5!Xf?l 

50i 3^XiS#(22)Lflo| eyoil 5^Q. 3olX1S§(22) qoil SXPr ^S0l| CE|£| ^XJ2] £<MS^ 

(threshold volta Q e)0| ^^6 r 01 HSU^ ^(program state)^r @Q- ^OIS £33| ^0| D\\0\^ 




2J0I yOrXj ^7t£!EH(erase state)^ r SP- 

nem. misei ^xpr s^ei ^spi ?j^xib *H^¥&i ^£ib 3s r eoi piioi^ 




ttH 

blioixi2 ^ oi 4txf e^t8 m^^sh 

^m^t2| 20 Oloioj go xi S £j^go|| 2|^ 3 fr^0| F-N &^§0|| 2| £_> 3 f?^ 

e siUMb a^is^oi ^xH^e oigms s^ei ^x r m ^ ^. £^ ^Sr^ ^wpt 

20 -S-^^E- OimOIS 5IS ^yJ^OII 2JoH £!Br^r 0|§o r 2 50 §^§§ ^1 § £2J M^^l ^5r^8 F-N 
^^g(M| 2|«H 2©PI OieolH^ All^^^q ^gj£|b Sm^OI ^llOlfl 2^2^ ^?J£Jb 5!5^0J| 
d|6H ^CH»o^ ^ ^ oiq 01212*01. M^^M 0| 20 §^I§ 0|o r 

^ Sr5 ^oj^j -^»||b a «f0 e^joj H^aeH^^I 4^ -S-^iAl 35 r 2J 5^8 XHy 

^0|| 0| ^Oi X| H 3 5i §y 4.X r 2| §^ §^0| ^^11 Ol^Oi^q. 

aeiu ssgjoj ^je.|^ A^mo| =»)|s 20 §^§l ojor^ gt^li ^0I| xts^ 

S«r21 ^^11 0| X| H^. b|^l^^ y^^l &x|2| B|?|^ ^8 Q|0|E[ ^X| ?| ^ ( retent i o 

n)oi °fm^a- 

t^^cI^ eiyjg *joi°t°l ^£|S Ar^g|oj ^^j|^ 20 S^§5 0|^°^ ^^^1 o r 0 UlOiq ^X| 
SSu^orb ¥S F-N Ed^^Oil 2|6HAie! ^oj£|71U ^§90- 3gjQI. F-N 9^S0I|X1 

- 251 3H£|012| p r S §J^(effective mass)0| ^3 3^1 ?HS|CH 3^ #2| 3^1^ AlPPr 
0i¥0i2P. Olgi F-N 9^g2J S^Oil ±X\°\ ^^01 Ol^l m 4= 0|o| ±X| 

§s voj y^g ^SCPI ^5tl H^3dHS §^A|2| ri:>| §^A|0|| DIIScU ^XrOllAl Ol^OlXlb ^^1" S 
q ^AJISI ^gQ. 

'~±X\ §^011 Ai >||0|e 2^011 2^|0| oprl 3^ Q§ 131 £JE S^l^ ?rSq. 
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„ _ _ Vg-Oms^<S>b 
Eot=Eob= — ~z ~r 



0| OH *JX| ot. ob. SINE ^ v §2St3* S3^|. 2JDWD1. 2^1- Vg 

3101 ^ xj^oj goj. 0ms o| <Db^ 3|0|E xj^oj 0,^4, x\0\ % ?|£» S0S?|J ^as|2| 

e 8 ^i§i ejQIejq. 

H^HSflS ^ ^\0\\M >l]0| e S^OII 2/ 3^01 °P*SIS 3|0|e S^01|A1 ^£§b §201 0| 

^*yon'mei ^g£ju g£j sxpr gsjsi ^ms- >i«s sjai *mmM £^si£r ?ilo|e s^ohai 
^^£1^ S^oij Bleu ^0^2 ^ seJ ^8 oi^oisiQ. 

aeiu. n^neiis ^*mi smxis#2i ^mmM 2*f s^oi 01^01x13 m^u §2^ 

Oil d^SEI^ Syjg ^ 3 °tOII S^lMQ ?1X|3I SQ. 332. SStXlS^OII 5^!=! 3*1 

sun 4,71 ^oilM^ 3|0|e xi^oil Ahq )? y o S xjoj 0 | °p|£IS F-N q y g oil ^dH ^|0|E S^oil 

~# j^o^- BMJ\ 0\£o\3., XW^OWM ¥K §a°^ §^0| Oie^Q. ^(effective 
mass) Oil /M §gaq 5}252 >i|0|M 3^o^^E|2j ^gJO| q *MI 0\^0\M ^ 2iQ. 

2?ioii swasse! ^jsi^ sm^si swoii 2\o\\ ^gjspii ^eh# sxiim 

5q!~ 

ZiOf == - TT 



oinji *jxf ot. ob. ne ^ syju ia^i. msu i3^ f . sxt xwmm a^i. v g ^ ?\\ 

0| E xi^oj ijoj, 0ms u| obb ^10!^ 3^£| ojSK- ^o| cm y oj X >L^^^ 

idl bd| oH ^ Of X| 2 §2S CHSSIH^ 2^2J 8^ m dlO IE} ^71^ & 0|^OiX| 

XI 8>^P. 

* ^2 A^-sh dW gai^ u|?m^ ^£aii Diisej §x|2j oiisej ^xi^ 

0|^o^ ^x|of^ S¥0i|£Z 4:71 1^01 0|^Oi§ ^ H|?l^3 »^l W|2a| Sx|2J " ^ 

§3§ Oil SB] ^XhM fll^o^ EiP. 

^ ^ge ccsj, H^neHaaf ^tisi ^^ai^ 4= 91^ ¥^ wise] ^xfg ^ 

Ap. Q^g ^^5^1 ^ ^33 4:X|^ y^XJI ?l£ 3101^ 9^. ^1^3} 3|0|E 

Afoioii ^ais ^yyn ia D -t. m^^j ssst. PiioiM xi^ o^oj ^teoii s^j 

3 i^i ?U|S^ H|Sti*3 OilSSI &a121 l^g m|S2J ^XfOll SiOjAi. 

£ ^ Soil Al g4^Jg §2^ «<M^°io^ g^^q. ^^?J ^2^0| 

01 ¥ >,s| ji^3°|o^ g^^- 3io| tJl^^mq. SE£.K £PI §3^8 Hfr32| gg|2S S 

^o^b 21 2J Oil ^1101 ^ A>0|0il D£|^l/5£~ XJiy AFOI CHI 2 " 

^o<Q|3f AtS^n|o| oiige 4i^|X|2| §2^21 ^ g^^SJ 2^11 AIPIM ^ SI of 01 = 

sij^sSi g£ gxiaj ^2joii Soil/ 3§imp ^'J^ 1 i^^i m& ggsi ^^j sxisi 

S ^^AIOIIOIIAI. &?| «^a1| iX|^ NANOg ^ 0131019] §E«^ HHx|§ ^ 2iU- =?xH^°^. g 

^goj gjAjAioii^ ^oii qgiol uhx|8 ^^H^j f^S^S 5^q. ^>^l ^^S^^sj 

16-3 



16-3 



^2003-0002298 



4d^t 3101 e 3^ Si 3*1 £^ 3|0|e 2^o| U^oi ^f^XIEQ. ^3 £^ 3I0| 

e xi^jn gxi >je>j ?||0|E 2^ A|0|0i|A1 ^^^H^| DllEej ^jO|e 2^#0| £p| gfgge?^ ^¥ 

S U^oi ? r MXi^q. £Pi ^ w^s^^ai £PI zi oil eel ?iio|E 3 ^ ArOioii syjg 2 3^. 2m 




01 Oil ^ pi| 0 |E sjoigjoi WHEI^Lh ^yig £!2?2J. SjStXISrS 51 i£U S2^0| x[ai£ *4#£l 

£4b £ ^S^i gj ajaioiioii oi ¥012 ^ ^tgg flisei 4ix r s?i ^^goii crje onqxi 

BHSkoiQ. 

£ 4= *}55|0. i42| 9[ UHxIb ^BH^I ^ OIIHBI SONOS(Si I i con Oxide Nitride Oxide 

Semiconductor) ?2E2* ^XIU M^U D3^0| HS^r g£ ^ m °|0| 0[U3 ^ 

oxis|o^ oi^oi^q ^, 7|mo^«y ^)|0|e S^nxi 7I5H10). Ed^lg 3 2^1(20) . M 

xhi(22) !2f^^(34), ?i|0|e 2^(27)01 x r ai^ BHx|gq. g Mf3§ IH|2e| ^ 

aichi ah^i isu /Mi jim ^es. H^aeH^j ^iqiiai q^si ^ 

Vg-<X>ms-2<pb 
Hot 



0|im §a| ot ob n§ 2*21 S^U 12^. 31$tS^2] M^U §2^. 3*r XiS^M °JD|^D1. S 
31. V 0 ^ }|0|E ij^o| xjoj. <p ms °! }|5.HD r ^|0|^ S ^oj ej*^ x|0| °j 30 X 

M£?J §^^'21 ^3^0| gj^g iJ2°»2j ^3^011 H|8H ^O r X|£^ A r g*rHS 50JI 

A1 UEIU^OI &j^Jg £.MI AHPI 7* S?|| A1PI0II B|6H ^Oi^jo^ 

^^o^^Ejoj goj oojoji H|oj] *Hy^¥£|5] SX r f?£J0| |§«[E§ H^ZlBliy §^01 ^^11 0|^01X| 
ahni 4,svai 13 i ^o|ai 4 g H|l3or0. gB«2J SONOS ?5 ¥^ ^X r 2| ^gjg ^m^Oll 2]J\^\^ 

x,^| 0 || h|oH ^ ^soiiai^ q e 3^1?* e!7^q. ^, P§ -^-^^ 6^ i>0| giM |1^g 6im^oii oi 

5r£l^ S^IOllAi s mrgoj Ai A |oj|0|| a r £| ^af^Oil ^^^^ S^IS ^^rS -^011 ?}?\& 

^oiei^ axiiaioiiAi ^01 Si i A 2^q. 

AK./= S( ^ > 



0| QH c (ob)^ Il^S^W A^8| s^ej §3^121 ^S§§ 2|D|^q. 

OIB4A1. §SJ£> 711 Om S?i 2l^rA| gfiHOII H|6H q 5£^°cl g^t ^ 

S^. 4i7l §^0I|A121 ^21^51 ££ej0l|Al2l xj^oj /ip) g p^o| asjai 7 a| 
83T^0| gq. 
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0| OH Qi= M^giOIH^ §3^21 HSi e(ob)M §2^5] «2i e (ot)0i| d|6H §5^1 

3£ k §9^oii/M2j s^ie oil «ioH #^si ^.n m ^ sjq. ma 

M 3m ^Heioio] ggai 3x|2| colons ^yjg 32 3m ^Heioi 

oi g ^. *ny 3m s*r2j 9£! J)5[g gm7i «u H2 D -t§ ee! am 

3\\ £| 0| 01^. St. ^IlOm 3^ 3*1 f^2j0i| 2|°h S^fg ^^SC[ 4 HQ- 1^. PI3 

9 3m Xi##0||Ai xHy #g2J ftEJOil 2|oH §6* f1?J0| o|^£J8 ±>1 e^!0| £711 i*#§j ^ 2!Q- 

ccol- -^-^ai 6 oj oiAh^ ^e. «^o^ £ §£H2| 4:71 -§*|A| ^gjg §2*SJ0i| PJ7|£|^ 3 Till 

d|B6H5 . g ^92J ^gOil £gJg ge)^0}|Ai°] 37ll7 r &# 3Pb 3§ 2 4^ 2iQ. W&M. ± 

7\ %**9\ g^rni. 3*11 ySEXil #x|2J §5} ^5E£ g7 r 9Q. 

£5 LHX| £ ^A|0||#0j|A1 g§ #0|| U\E Oil M XI «HH£0|Q. 

*}55f0, ;|nto S -q 5i|0|E 3^*1 «J£xll 7|*K10). S^g D2^(20). 3of Xi§#(22). 
§2*^(44). 7i|0|e 3^(27)01 *iai^ UHxISQ. 3o| X1##(22):2t 71|0|M 3^(27) A r 0|0i| 
xi^( 34 ) ^ojj ^|0| ^ 3^(27) ^ EJ ^ 3m^(36)M ^71 A|5q ^2^(44) g- 3^SSf(34) 

5} *J£|£ 35*^(36) 2| o|gs|°S ^#^Q. 

5=G# *^o^ 7|&°^E1 ^|0| E *j^7?|X| 7|*K10) . SyJi! ^2^(20) . 3 oh XiS§(22), 

M^U §j<*^(54). 7i|0|e 3^(27)0| x|3l^ UHxISCf. 35f X]#^(22)JlK 71! 3^(27) OUH^J 
3$* 3^1(34) Ah0|01| AJEJ^ d^S|(38)M ^7 r A|?1 §£^(54)g ^1^3^(34)3} ^ BJ ^ <M^ D 4 

(38)2J Ol^^o^ ^#6}cf. 

SE« £7« 7|^o^ ¥£i pjioie 3^>rXI y£*i| 7|£K10), g^Jg g?j2J(20). ^of X|&# 

(22)' S2&K64). Til 01 M 3^(27)01 Xiai^ UHxIgQ. ^1(34)3} ^|0|^ ^1^(27) AJ0| 

iH3^(34)5f Aj 6[ Xi§#(22) A^OIOil ^| ^Jfil^ 6^^1(36.38)^ ^iA|?1 M^^J §3^(64)^ ^ 

oximoi ^^oil SjSt 310101. £JSiSJ£ i^&^OI SS!^ ^X| X| 5^ 3^011 ^oJ°|3| 

^<sm y\x\x\ %m s^oii i^as^ ^° tHm^Hs sp. meiAi. 4 lhxi ^ 

i^mog goo^ aj^^o^ §oi5 t § EH §y 2|DIM ^hXIH ^ ^. i^°4 

01IAH2J a, noxjaioji^o, =^1 xob ^§5K)l| g^sh gEH^ fisjl 4- 2iP- 

g ggoj A. A joj|=Oi|A1 ^71 "3^2^° ^y|gS^2J 111^ SEb VB^ @J i2J ^^Ah^^(netal lie 

oxide) ^-^§]m^mM(rT.etal I ic oxyn i t r i de) 0\H U , ^^1 ^£jmM0|| IV^ S £^S3 

se^ ^ oi dlh. t^ssi^ iv m ^ ^Sf^2| 

O.Wweight percent) LHXI 30%(weight percent) S^rSfOl ^^S^2l JIIS^EH ^^(interface 

state dencity)! 4 2iP- ^^1 6|^^(HfC\) . g*¥Dla^ 

(Hafnium al uralnate^f^AlOv) SE^ ff^or Hs (Haf n i urn sill cate:Hf x Si i- x 02) . ^ei^^A|L|0|Ee| 
OIS(Hf-Si-oxynitride). 6^X1 (Zr0 2 ) , ffAjg z| ^^^(Zr-S i I i cate :ZrxS i l-xQs) . X|^Sh 

^A(L r 0| eetoiH(Zr-Si-oxynitride)^ SiQ- 

um^m^ll^ £PI f^aeoi 100|H OIIMXI u JE a(gap)0| 8.3eVo] ^alsCA^Oa)^ 5E^ 

o^^oi 250| i «HE ^01 8.3eVPJ 0|^S| X| ^ ^fe (ZrO^ °\ # A|g^ =^ ^7| 33^3^1^^^ ^ 

Sr ^DIs ^ 0|AVS| X| 551s 21011 £J£r 0|eg(Y 2 0 3 ), 2i!5| &&g(TaA) . 0| <M m B|E|s(Ti0 2 ). 
PZT[Pb(Zr.Ti)0 3 ]. E|&d y(PbTiQa). PbZrQa. ^©01 £S3 PZT[(Pb.La) (Zr .T i )0 3 ] . y(PbO). E| 

etAh ^ees(SrTi0 3 ). Lim(BaTi0 3 ), WU^WzOs) . BST[(Ba.Sr)Ti0 3 ] . SBT(SrB i 2 Ta 2 O g ) , 

BiJiAz- ^^^B Algols U ^ 3^3 #g^2| 5tt°_^ Ol^OiXlb A f go|^ ^0| d r ^ 

ccs h g m XiST#^ 3g^S^ AJ5J^ gm^KSisNJOl A|gE|X|y 0| 2|0||£ M Bl 5 ^A|UO|M£|0|H. 
AJ£|^0| ^2 Af^fm. ^|E| ^^f3^ie|(ferroelectric layer)# Ahg^ 4 s 

£ 8? g «jg2j ^ ^Aioiioii clie oiiaei £xi2j m oiaioie UEftH sasoia. 

£ 9 ^ £ log £ 82| l-l'§ C£|£[ ^|6H3 ^£aI| 4:X r 2| ^ 0] d|0|g UEIbH &0£§O|Q. 

£ 3 LHX| £ 10^ ^^S|9. ^£aJ| 7ie(10)0|| ^40H2| ^^g^^(Act)0| UHXI^Q. 
(Act) 8 £PI y^Ail 7|m0j| gJ^«fHS 3™oP1| UHXI^q. ^7 1 ^^S«^(Act)2| Ah ¥ a AEg Ajew 
7i| 0| ^ 2^(117s) °] 3X| Aiaj »| 0 |E ^1^(n7g)0| ?I^X|EQ. ^?l 3^ ^I0|^ 3^ 

(117s) SJ ^71 S XI 3^ nO\m. 3^(117g) A^OIOU ^^H2J 0||eE| ^lOlM 2^M(117ro)0l BHxI£IO| g 
y\ e^S^g(Act)2| U&o| 7ISXISQ. #71 g#3«§(Act)3| #71 WlSej 7||0|e 3^ 

(117m) A|0|0|| xieil^ Ef!£JU ^3^(110). 3mX|^#(112) Si S3^(114)0| 7HXJi£jq. 

0| OH 2?\ JM = fy ^2^(110). #7| 35|X|##(112) ^ #7| gJ 2 ^1(1 14) 8 ^ ^S^l £JA|0|| 

OilAi ##Sh s^sj gsj^M g#Sfq. a^| AEg Ajyj ^i|0|e 3^(117s) . #7| ^X| 3^! 71101 

e 3^(117g) ^ #7| DUSBj 7||0|e 3^§(117ra)2j °f^0il £S9^(102)0| ^#£JO| # 

71 SXj 3^1 7i|0|E 3^(H7g)2| #7| OilSEJ 7j|0|m 3^(11?™) ^OISOII 9JS6I01 ^m±2i± ^21 
(CSL)0| BH^ItlOi oiQ. #7| Sii2A £r?J(CSL)8 #7| S X| 7||0|e 3^(H7g)^ S^5r7il #7| 

^#S^M(Act)2| #¥M 7I^Sa #71 3 XI 3^ Til 01 ^ 3^(1 17g) Oil 2JS^ M-^M £S3^i(^ 
^ S«; 1023)21 2|ZWI #71 Til 01^ 3^^(H7g. 117m. 117s) §y #7| ^§^2^ ei£l(CS 

DM y^Ail 71^21 #^§3^(120)011 2J«H S013Q- #71 ^e!^ ( 120)# ^18101 # 
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7| £^ ^I0|e(n7s)2j #7| DilSfiJ 71J0|e xj=(117m) yPISOII ei2& £99^(H3I 

o| g« ; i02d)0j| ti| e^joi 5£|i(DC);f S^gq. #7| ^21^3^(120)21 #^0l| ^40H2J 0| e^j 

o)g(BL)0| #}| ^i|0|M S^^(117g. 117m. 117s)2] #^# 7 r £XIEa. #7| U|e£r£](BL£ #7| #7| 

bi e^oi paa(DC)£f *i7i^ g^P. 

z| Diiea Tiioi^ 2^#(ii7m)^ #7i ^ ^# s <» ^ (Act) oi uxfotb s ^ cHi wisei ^01 

mia. #71 2J Al^lj 7i|0|E^(H7s. 117g)3| #7| 2» g#33e(Act)0l H*[ol^ S^0]| ^SHX! 

^El^oi ?ixi^q. 

£ 9011 £A|S 5131 ^0|. #7| 3X1 71101^ 3^(117g) 54 #7| ^eaj ^| 0 |E S^(117s)2J 

3^3r #71 §#23^(£ B21 Act) A r 0|0l|^ E1 £ S 2) e|( 1 10) . 2 §r Xi##(1 12) ^ S£3 §2*1(114) 
0| xMI^ 5J#90| 7HXJ1§! ^ 2!Q- 0| 3^. 011221 ±Xr21 20i| #7| S*l 7||0l e 3 - 

(117g) S! #71 A § g aieh >||o| e 2^(117s)0l| g2| S^Jg °J7 r 5rO| £<M2£J^ ^ 

0|£r gel. £ 10011 £A|£ 3<2| ^0|. #7| SJXJ ij^ 7i[0|E 2^(117g) Si #7| ££§| 3^ 7l|0|M 3 
= (117s)2| 2*3*3, #7| S#9^e(£ 82| Act) A[0|0||b E*gJ#2| 7||0|E ^ 9^(1 16) 0| 7H^HH 4>£ Si 
Q. #7| 71|0|E ^2^(116)^ a^q| cc- aj^js SA!UO|eyo|H g 8H40MU 0IM2J 

s. mm m ^so\ «o e^g U|?|^# «r£*1| Di|°a iXIOIlAi Q|0|E| Mf* 7|^M 2^1 ©|7| ?jol| Ed 

yjei 2°l£tS 0|¥- ^m^ie 20 g^^s fj|#H^ £x|6|01 ^y|i!0| F-N 2M1J01I 2|S1| oi-^ai 

X| £ 3^0||£ ±X r 2| ^ §^0| £S 210| £J^i! 4= SlSfl. SE£h = £Z22Ha3r ±7121 Sf#A| 
?1 s»e*h wifiei #*|2| #^§ 3^°? tteMIIJ ^ ?IQ. 

(57) &^°J W9t 
S^S 1 

#7| 7|& g#9 711 0| e 

#71 71 M #^| >||0|^ AtOICHI 3m A1#^. g^U §23^:^ 

#7| 71|0| e 2^ & f ^2J #7| 7IB0II S#@ £Sti SSSfS. 

#71 M£U gojSj^ f?g^0| #71 g^^l^ ^3#0ll UI^H E Hf?51^# ^JCH£ 

2 

HI 1 &0II 2i0iA|. 

#71 §2^8 ^£J^ ^ji|mog ^#£j ^oig 6fb l^S U|*]^# D|| 

S£| 

3 

XII 1 S01I 2ICHA1. 

#71 oiiajeilOllH ^7|§H(Mendeleef Periodic Table)21 \\\^ SE^ VB-^Oil ^ 

2J ^^A^af ( rae tal I ic oxide layer) SE^ g^^m^Sjei (metal I ic oxynitride layer ^CH£ £t# 

siis^ ui?i^# yt^i misej ^xk 

XII 1 UOll 910\M. 

a^i 2^1 D 4 e StlgeilOIIH ^7|§H2J lll= SE^ VB^OII ?|ximb S^^^ ^^^m 

Sm^oii iv^ ess ^u^e 30^ mu sn*^ is£s um^# oiiaai 

XII 4 &0II 21CHAI. 

#7| IV ^ m±$= Zr, Si . Ti , Hf g 6 r U2l y|?l^# Oiie^l 4iXh 

XII 1 &0i| 2101A1. 

#71 HftS^tS 01 £!£r 3 r Hs(Hf0 2 ). ^¥DIh^ 5rHfe(Hf ,-^AIxOy) SI ffd S^feW^Si • 
Ajsjs^AlUOieeioi^CHf -Si -oxynitride). ^SJX| ^SHCZrCfe) . 3£JS XI s^^(Zr-S i I i cate :Z rxS i 1- 
xO-^TaI ^ a 5^A|U0l^^0lS(Zr-Si -oxynitride) g d^S 5 r U £E^ 0| &S| £tf*tM S^St 

b ^#°^ Srfe b|?l&# Oiiea 
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%=?m 7 

HI 1 ^01 1 °10\M. 

£PI H^S^B ^OIhCAIA)^. &es(Ta 2 05)^l. 0|£jm EJ E|fe(T i0 2 ) St , PZT[Pb(Zi .Ti )0 

3 ]^i. E|&tf y(PbTi0 3 )^. PbZrQsai. £*B0| £S9 PZT[(Pb.La)(Zr.TI)Ob]et. Aj5l y(PbO)^. E|^£ 
^e'^gCSrTiWst. E|£+# ytg(8aT i 0,) <^ . BST[(Ba.Sr)Ti0 3 ]ej . SBTCSrBi 2 laM^. 8i 4 Ti 3 0 12 ^ m 

£Pi is^e 

£PI 2«51^:SJ 

m ? \ £pi 2^3^ ^ oi on ?hhi@ ^jb4^ ^m^e ssm^ *^ s 

9 

HI 1 §011 °10\M. 

3 °xjn| oj ^ioi ^ 3^ m oi oil jhxkei ^m^ie sss r i=r st# ?sh? ^ m 

f«g U|?1^3 £L»£^I oil SSI iX*. 

HI 1 soil 210\M. 

£PI 

£PI 

#;>i 2im x-i&g si ^pi i^at afoioii ^ei^ ^awa 

2^2^ ^ £Pi ^iiom 2- a^oioii jww& #s*s>g ssmfe "§£s ^ 

HI 1 SOII SiOlAI. 

m\ goh Xi£#£ ^BI5 H*rSKSi 3 *L). ^BJE ^A|L}0| ^ 2J0| ^Qj . ^ej^0| *)£|^ 
(silicon rich Si0 2 ) . 2Jf?2*ll*t(fer roelectr i c layer) ?^G|| ofU^ «|o^ 0|^O|X|^ 211 
6|^ V ft «|£H| D1|H£| 4:Xf. 

12 

^£*li J\^S\ iS30|| U^o| UHx|£! ^±ns\ E V ^S^^: 

|^g«|| 14^ S| 7^X1^ ae| ajeh ^|0|e id 3X1 ajeh 711 0| ^ 3^: 

ajeh ^ioi e 2^ a #?i g_xi d^i aioi m 2^ aioioii HHxitioi ^pi ir^s^em u^ei 
2| ^^go4^ a^j 2j oiiaei ^ioi^ Afoioii xiai^ ^il-s ^2^. xi^#. 

aj^i 9,101 e SF^ei ^| LHOII g^^ £S§il ^^1 M^U 13 Q 4 

e #2#oi ^^i ie?^2i ^s§oii mm e a^s^g ^oi£ ^# st^rn^ 3!^ ^ 
b "° miijg uifl^ ^I£aJ| mieei ^xh 

13 

HI 12 SOII 2JOU1. 

£j\ ejyjg goj°|S Ajgjs ^a^^o^ g^g ^ojg fS2S o\± ¥^ §iS U|?l^^ &I£HI Oil 

fiBI SxK 

S=?S H 

HI 12 SOII 910\M. 

mi\ t)oxiojo oy^eilOllH ^l IH(Mendeleef Periodic Table)°J lll^ VB^Oll ?1x|^l^ 

5 =^^S r 5| SEb ^^^m^^e 5101£ 8IU Htforb ¥J2£ §fc U|?i^^ ^£^1 Oil SGI 
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XII 12 U01I 910\M. 

£j\ jj^s^e eniiaiotiB ^?i#hsi iii^ vb^wi g!4:&2i s^sr 

H?S 16 

Xi| 15 SOII SiOjAl. 

£PI IV ^ Zr, Si. Ti. Hf g 6H4£! ^s. f§2^ UISI&3 DilSSI ±X\ . 

§?S 17 

XII 12 SOU SiOiAi. 

^£|^^A|L40|eB|0|S(Hf-Si-oxynitride). *| (Z rO?) . ^2 *l^3fe(Zr-Si I i cate :Z rxS i 1 - 

x0 2 ). XI^Ss 4JEJ^^A|U0| EB|0|^(Zr-Si-oxyni tr ide) § o\L\ E£^ 0| &2| £S^M ^01£ 

3?S 18 

XII 12 ^011 2lO\M. 

£PI J2H3^e ^D|s(Al20 3 )°|. 2£h5f &e§(Ta 2 0 5 )^. 0|£j5t E| E}fe(Ti0 2 )^. PZi [Pb(Z i .T i )0 

3 ]m. ejejai y(PbTi0 3 )s|. PbZr0 3 a|. £^0| pzt [(Pb.La) (Zr .Ti a* . &m U(PbO)s|. EJ&aj 

^^^5(SrTi0 3 )°|. E|&^ y|g(BaTi03)^. BST[ (Ba.Sr)Ti 0 3 ]*J . SBT (SrBi 2 Ta20 3 ) S| . Bi 4 Tia0i 2 5t § d^j 

mieei 

ij?S 19 

X|| 12 SOII 2iO|A|. 
£PI IZ2f^°i:£l 

2 5ixi^#^ n^s^ Ami oil ;>hxh9 ^ja^ ^m^e sgmb ^s°£ ¥^ ^tss ui 
ngi^ yaxii Diiaa 4iAK 

3=P8 20 

X]| 12 SOII SiOIAi. 
£PI IS ? J 
£PI 

o, Diieej tiioi ^ 2^ Ahoioii jhxhs tfs^ie 5^§ib 2!e ^shs t>\s= 

^ e^JS d|¥|^3 ^£Ai| D||.9_d| 
S=?» 21 

XII 12 SOII 2iO|Ai. 

9o r *i§rs si s?i ^r^^i ^01011 g bi £ ^rn^t:^ 
£Pi ^ miea ^hioi ^ 2 ^ a^ioii ;hahs *jei^ &m^m sssife 3ie «r£ 

^ §a§ ui^igJ2 ^£*ii oiieei ixh 

ii^s 22 

XII 12 SOII 2J0UK 

4!£IS S^^(Si 3 N 4 ). tJBi^ ^AlUOI^eiOIH^. ^&J^0| ^£1^ ^SJ^ 

(silicon rich SiCfe). ^^2^|^(fer roelectr i c layer) 7|^Q| mU^I ^9.^. 0|^OiA|^ ^11 
or^ ¥^ H|?|^^ Dlisei -±X\. 

§?S 23 

X|| 12 SOII 2i0iA|. 

AEg /jIeh }]|0|E 3^ °! SX | ?|| 0| M 2^£J ^2|3f ^ AJ-OIOII 7HXH0 
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fll 12 HOII 5i01 A1 . 

£p| ae| AjtH »| 0| e s ^ uj ?> A}0|<#. <«J\ QX| SHI 01 ^ 2^ SI £PI ^ 

g« ajoichi xfais ^§3 syjg 1921. gsf xig# si m&^o\ a m 
^ «~ egg hi?i«>3 oiieei ^xk 
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